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t ha t  the difference is just  compensated by the effect 
of a s tat is t ical  distr ibution.  In  t h a t  case one might  
expect t ha t  at  room tempera ture  the  thermal  mot ion 
of the  atoms of the  iodine molecules would be ap- 
preciably larger t han  t ha t  of the atoms of the tri iodide 
ions. From (Fo-Fc) syntheses of the projections at 
room tempera ture  it was shown, however, t ha t  the 
tempera ture  factor  of none of the iodine atoms differed 
significantly from the mean B value, 5.2 ~2, a l though 
the  est imated s tandard  deviat ion in the B values was 
not  larger than  about  0.12 /~2. 

Therefore an average s tructure of N(C~Hs)4I~, in 
which only the asymmetr ica l  I3- ions are s tat is t ical ly 
distr ibuted,  does not  seem to be very likely. The 
possibili ty of an average structure,  involving equally 
the  tri iodide ions and the iodine molecules, possibly 
in connection with the two a l ternat ive  orientat ions 
of the  N(C2Hs)4 + ions, cannot  be excluded. 

A theoret ical  discussion of the bonds in polyhalogen 
compounds by the  LCAO method  has been given 
elsewhere (Havinga, 1957). I t  was shown t h a t  centro- 
symmetr ica l  tr i iodide ions may  be expected and t ha t  
the deviat ion from cent rosymmetry  in compounds like 
CsI a may  be explained by the interact ion of the 
cations and anions. 
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The compound T h H g  s 

The compound ThHg s has been prepared and studied by 
Baenziger, Rundle & Snow (1956). They found that  it is 
closed-packed hexagonal with a 1 = 3.38 and a s = 4.72/~, 
and they do not exclude the possibility of solid-solution 
formation. The present author has found the same struc- 
ture but has obtained slightly different values for the 
unit-cell edges; he has not succeeded in observing the 
formation of solid solutions. Several samples containing 
a variable mercury content around that  of ThHg s 
(Th% theor.---- 27.83) have been prepared. Two samples, 
which when analyzed were found to have a Th content 
of 27.3 s and 28"50% respectively, have shown Debye lines 
which are characteristic of the ThHg 3 phase. The same 
reflexions with the same values for the lattice parameters 
have also been observed (both alone and mixed with the 

lines of other phases) in other samples containing 
quantities of Th a little higher or a little lower. 

The constants (obtained by the Straumanis powder 
method, with Cu Ka 1 radiation ~- -  1.540500 /~) are in 
Table 1 together with those of the isostructural LaHg a 
(Iandelli & Ferro, 1951) and UHg a (Rundle & Wilson, 
1949) : 

Table 1. Lattice constants (t~) and densities (g.em. -a) for 
isostructural compounds MeHg a 

LaHg 3 ThHga UHg3 
a 1 3.411 3.364 3.327 
a a 4.961 4.907 4-888 
aa/a 1 1.454 1.459 1.469 
qx 12.30 14-39 14-88 

As we can observe, all the axial ratios are very similar. 
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• The alloys were prepared in iron vessels, l ined wi th  a 
th in  sheet of m o l y b d e n u m  and  sealed by  electric welding. 
The alloys were then  hea ted  up to 1000-1100 °C., stirred 
at  this  t empera tu re  (at which they  seemed to be com- 
pletely molten) and  then  cooled to room- tempera ture  
ei ther  quickly or very  slowly. After cooling, the iron vessel 
was tu rned  down in a lathe unt i l  there was just  a th in  
meta l  layer  left which was then  t aken  completely off in 
a closed glass tube under  a continuous circulation of d ry  
CO S . The alloy was crushed and  was then  allowed to fall 
into th in  glass capil lary (joined to the tube) which then,  
after  welding wi th  a flame, was used for the X- ray  
examinat ion.  I t  was necessary to work in the same way  
for tak ing  samples for chemical  analysis, because the  
alloys ignite immedia te ly  on contact  wi th  air. 

For  the analysis the samples weighed in vessels full 
of CO~. were immedia te ly  covered wi th  water  (to avoid 
air oxidation) and  were then  t rea ted  carefully wi th  HNO a. 
After  solution the mercu ry  was prec ip i ta ted  as HgS and  
• collected in a weighed Gooch crucible. In  the fi l trate the  
Th was de te rmined  as ThO~ v/a the oxalate.  Moreover,  in 
the  analysis of the above samples no appreciable quan- 
t i t ies of e i ther  Fe, Me, or ThO~ were found. 

T h e  c o m p o u n d s  T h i n s ,  T h T l a ,  T h S n  3 a n d  T h P b  s 

These compounds  have been prepared by  pressing 
together  the  powders of the two metals  and  by heat ing 
the compounds,  sealed in vacuo in silica vessels, up to 
ca. 1000 °C. In  order to obtain a well crystall ized alloy 
it is necessary, specially for ThSn a and  ThPb  8, to allow 
a ra ther  long annealing at  low tempera tures  (300- 
500 °C.). 

The thor ium used in the preparat ions  was obta ined by  
reduct ion of ThO~. wi th  Ca: its pur i ty  was abou t  99.7% 
(impurities were main ly  represented by oxygen in the  
form of The2).  None of the other  metals  was below 
99.9 % pur i ty .  

The different alloys have been analyzed in the fol- 
lowing way  : 

T h i n  3 : 

Solution in HNO3, precipi ta t ion of In  wi th  H~S, re- 
solution of In2S 3 and  de te rmina t ion  of In  as IntO 3. 
In  the f i l t rate:  de te rmina t ion  of Th as ThO~. Resul t :  
I n  61.18%, Th 39-10% (theor.:  Th% = 40-27). 

In  the fi l trate de te rmina t ion  of Th as ThO~ v/a the  
oxalate.  1%esult: Pb 73.73%, Th 26.70 (theor.:  T h %  = 
27.19). 

The alloys obta ined as described are ra ther  oxidizable 
and  the  ones wi th  heavier  metals  appear  fairly pyro- 
phoric;  this fact can perhaps be related to wha t  happens,  
for instance, wi th  the  elements of the 5th group where the  
thor ium alloys wi th  the heavier  metal  (bismuth) are also 
highly pyrophoric  (Ferro, 1957) as contras ted  wi th  the  
more stable compounds  wi th  arsenic and a n t i m o n y  
(Ferro, 1955, 1956). 

Examina t ion  wi th  X-rays  shows t ha t  all the  above 
compounds  have a cubic s t ructure  of L12 type  (Struktur-  
bericht).  Their  constants  are given in Table 2 together  
wi th  those of the similar compounds of u ran ium (Iandell i  
& Ferro,  1952; Teitel, 1952; Frost  & Maskrey,  1953-54). 

Table 2. Lattice constants (~) and densities (g.cm. -a) for 
MeX a compounds 

ao @x ao @x 
Thin 3 4.695 9.25 UIn 3 4.597 9.95 
ThT13 4-748 13.11 UTla 4.684 13.75 
ThSn 3 4.718 9.30 USn 3 4-629 9.95 
ThPb 8 4.858 12.38 UPb 3 4-797 12.93 

G e n e r a l  r e m a r k s  

The molar  volumes of all the  above ment ioned  com- 
pounds are summarized  in Table 3 - -bo th  those obta ined  
from the crystal lographic da ta  (V~) and  those ob ta ined  
by adding the atomic volumes (XVA). For  the  compounds  
of thor ium there are considerable volume contract ions  
while  for u ran ium (whose a toms are smaller) the  con- 
t ract ions (probably caused only by the  other  metals)  
are much  lower. However ,  in both  cases, a ra ther  similar 
behaviour  for the different compounds  is observed. 

Table 3. Molar volumes of the MeX 3 compounds (era .  3) 

AV AV 
ThX 3 •VA VM ~,--~A % U S  3 .~VA VM ~AA % 

Thgg  3 63"0 57"9 8"0 UHg 3 56"0  56"4  --1"0 
Thin 3 66.9 62.3 6.9 UIn 3 59.5 58.5 1.7 
ThT13 71.5 64.5 9.8 UT13 64.1 61.9 3.4 
T h S n  3 68.7 63.3 7.9 U S n  3 61"3  59.7 2.6 
ThPb 3 74.6 69"0 7.5 UPb 3 67.2 66"5 1.0 

ThT13 : 

Solution wi th  I-INO 8, precipi ta t ion of Th oxalate. 
I n  the  fi l trate,  after  reduct ion wi th  SO2, de te rmina t ion  
of T1 as TII. 1%esult: T1 72-90%, Th 26-88% (theor.:  
T h %  = 27"46). 

ThSn3 

Trea tmen t  wi th  H_NO3, f i l trat ion of the  metas tannic  
a c i d  and  its ignition to SnO~. In  the  fi l trate determina-  
t ion of Th. De te rmina t ion  of impuri t ies  of SnO2 by 
volati l isation of Sn as SnI  4. 1%esult: residue: 0.8%. On 
the remainder :  Sn 60.65%, Th 39.25% (theor.:  T h %  ---- 
39.46). 

ThPb  3 

Solution with  HHNO3 and  precipi ta t ion with HH~S. 
Solution of PbS and  de termina t ion  of Pb as iodate. 
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